Introduction
The term pleurodesis comes from the Greek pleura-desis and consists of the fusion of both pleural sheets (parietal and visceral). Pleurodesis dates back to the beginnings of thoracic surgery [1] . In order to obtain this objective, different techniques have been employed, such as the instillation of products (chemical or medical pleurodesis) or surgical techniques (mechanical or surgical pleurodesis). The ideal sclerosing agent should be low-cost, readily available, easy to use, relatively free of side effects, and highly efficient [2] . Chemical pleurodesis stands out because it is easy to carry out, has a great variety of sclerosing agents and has been proven effective. Surgical pleurodesis is a mechanical aggression of the parietal pleura to achieve the desired effect.
The efficiency of pleurodesis is shown by its control of clinical symptoms (progressive dyspnea, pleural pain and cough), pulmonary re-expansion in radiological studies (simple radiography of the thorax and CT), and a decrease in recurrences [1, 3] . Thoracic ultrasound studies have shown to be very sensitive when evaluating the effectiveness of pleurodesis [4] . Measurements of systemic inflammatory markers such as CRP, leukocyte count or erythrocyte sedimentation rate could help in assessing the effectiveness of pleurodesis [2] .
Indications for pleurodesis
The aim of pleurodesis is to obliterate the pleural space in order to prevent the accumulation of air or liquid, alleviate or control symptoms and avoid relapse. There are two clinical entities that, because of their frequency and tendency to relapse, benefit from pleurodesis: pleural effusion and pneumothorax.
I. Pleural Effusion
Pleural effusion is very frequent in daily clinical practice. It has multiple etiologies and, at times, difficult to manage therapeutically because of its frequent rate of recurrence. The entities for which it is indicated are, by order of frequency, malignant pleural effusion (MPE) and persistent and/or recurrent benign effusion that does not respond to treatment [3] . MPE represents at least 90% of the indications for chemical pleurodesis and is usually an advanced stage of any cancer pathology. It occurs most commonly in pulmonary, mammary, ovarian cancers, lymphoma and mesothelioma [5] . Its indication is to relieve symptoms (progressive dyspnea, pleural pain and cough), avoid relapse, and improve quality of life. In case of mesothelioma, the pleurodesis can also be performed with curative intent, before pleurec- tomy and pleuro-pneumonectomy. Pleurodesis for benign pleural effusion is controversial given that effusion is the consequence of some pathology, generally extra-thoracic. The principal entities that benefit from this technique are hepatic hydrothorax, cardiac insufficiency and chylothorax. It should be used for patients with frequent relapses and/or patients who have not responded well to medical treatment [3] .
II. Pneumothorax
Pneumothorax is defined as the presence of air in the pleural cavity. The origin can be spontaneous (SP) or acquired (AP). The main issues raised are the tendency to relapse or prolonged air leak [6] . Pleurodesis in the treatment of SP is indicated in cases of persistent air leak (greater than 5-7 days), recurrence or lack of lung re-expansion. The main cause of lack of lung reexpansion is the presence of pleuropulmonary adhesions. Generally, the surgical technique involves resection of affected lung parenchyma (blebs, bullae), pleuropulmonary adhesions release and pleurodesis, chemical or mechanical [6, 7] .
Chemical pleurodesis
Chemical pleurodesis is the intrapleural application of a chemical irritant, either through a chest tube or via thoracoscopy (VTS). Sterile talc is the most commonly used agent [2] , although there are other substances such as antibiotics (tetracycline hydrochloride, minocycline, doxycycline), cytostatic agents (bleomycin, cisplatin); antiseptics (iodine povidone) and autologous blood. For this technique to be effective, it is imperative that pulmonary expansion is achieved after thoracentesis [2] . Chemical pleurodesis is also used for SP, though not as frequently as in effusion, and especially for inoperable patients. Its utilization in primary SP is less controversial than in secondary SP. Some authors affirm that the use of talc is not recommended because it could aggravate underlying pulmonary fibrosis [8] . The main characteristics are shown in table 1.
Talc (Hydrated magnesium trisilicate)
Talc is considered the best pleurodesic substance because of its effective sclerosing, ease of use, availability, lack of side effects and low cost [2] . When used medically, it should be free of asbestos and sterilized [9] . In addition, a composition of medium-sized particles (25 µm) with at least 10% of particles less than 10 µm to avoid absorption and the appearance of adverse systemic effects. After pleural instillation, talc produces an activation of mesothilial cells and an intense inflammatory response (increased interleukin 8, decreased fibrinolysis, increased blood clotting factor, and fibroblast growth factor) [9, 11] . This is why the use of NSAIDs could weaken the effectiveness of pleurodesis by altering the inflammatory cascade [12, 13] . Talc contains many impurities responsible for minor adverse effects such as fever and pleuritic pain. The main problem that can occur, however, is acute respiratory distress, which can be fatal in 1% of the cases [2] . In general, the quantity of talc used depends on the pathology: for malignant pleural effusion, 4 g and in pneumothorax, 2 g. The technique for instilling talc in the pleural cavity can be:
• Dry Powder Spray ("talc poudrage"): distribution of dry talc in the pleural cavity by VTS (most employed), or by thoracotomy under sedation or general anesthesia. Dry talc instillation can be carried out manually, mechanically or pressurized. Its most frequent indication is the palliative treatment of MPE, 78-96% efficient, achieving 60% complete immediate lung expansion and a relapse rate of 10% in the first month [14] . For patients with an acceptable clinical situation and a lack of definitive histological diagnosis, VTS allows the pleural biopsy, intraoperative histological analysis and pleurodesis in case of malignancy at the same time [14] . VTS pleurodesis with dry talc for the treatment of primary SP is easy to carry out, efficient, safe, quick, has a low morbidity rate (3%-9%), no mortality, and a recurrence rate of 3%, even lower than VTS mechanical abrasion [15, 16] . Its most frequent side effects are pain (pressurized form the most serious) and disthermia. The most serious and undesirable side effect is acute respiratory distress syndrome [1] . As to long-term adverse effects, results in the literature are controversial. Younger patients with SP, the formation of foreign body granulomas and the potential deterioration of pulmonary function make its use very controversial for many groups. Nevertheless, studies with follow-up at five years show no sequelae from its use [17] [18] [19] .
• Instillation in suspension ("talc slurry"): in use since 1958, it consists of instilling the talc in a suspended form in order to mix dry talc with saline (most frequent) or with iodine povidone to increase its sclerosing power. Afterward, it is introduced into the pleural cavity through a catheter or drainage tube. In the treatment of MPE, the efficiency varies between 71% and 90%, although the full degree of pulmonary expansion is less than with the spray technique [5, 10, 20] . We can deduce that the degree of pulmonary re-expansion does not correlate linearly with relapse, clinical efficiency or complications [11] . The principal indication is MPE with good clinical and/or radiological response to thoracentesis, but with serious general deterioration and/or elevated surgical risk [5] . Experience in treating primary SP is minimal because VTS is used. In patients with secondary SP and high surgical risk, pleurodesis with talc slurry is a valid alternative to spray by VTS, with a failure rate of 28.1% promoted by pneumopathy, the need for mechanical ventilation, and persistent air leaks [21] . Pain is the most common side effect (37.5%) and it is more frequent in patients who receive more than 5 g of talc. Respiratory distress is infrequent (1.6%) [2, 15, 16] .
Tetracycliness
Although tetracycline was the most used agent in the 1980's, its poor availability in many countries in subsequent years caused it to fall into disuse [22, 23] . The recommended dosage is 500 mg diluted in 100 cc of saline solution and administered through pleural drainage. In the treatment of SP, its effectiveness is 63.6%, much lower if compared to talc slurry (84.2%). In the management of MPE, and to increase its efficiency and decrease relapses, it can be combined with other pleurodesic agents such as bleomycin. In this way, an efficiency of up to 70% and a recurrence rate of 25% can be obtained [24] . Its most undesirable and frequent side effect is intense pleuritic pain. Its pleural absorption capacity can also provoke systemic alterations such as hepatic insufficiency, which has caused it to fall out of use.
Minocycline
Minocycline is a derivative of tetracycline, which induces fibrosis in the pleural cavity. It can be administered by VTS or through a drainage tube. Its most frequent indication is the closing of air leaks in SP [2] . The recommended dosage is 300 mg diluted in a 20 ml saline solution, and its efficiency is about 80% initially [25] . Studies done with ultrasound 30 days after pleurodesis for SP have shown that minocycline by VTS is better than mechanical abrasion in terms of lowering air leaks (5% vs 2%) and degree of obliteration of the pleural cavity (96% vs 93%) [4] . It also has a synergistic effect with mechanical abrasion and induces a more effective pleurodesis than when these techniques are used separately. Its most frequent adverse effect is pleuritic pain (44.6%), and the most serious is respiratory distress (1.7%) [2] .
Doxycycline
To achieve a good result, instillations must be repeated several times to reach an efficiency of 70%. The usual dosage is between 500 mg and 1 g, diluted in 50 cc saline. Adverse effects appear in up to 81% of the cases. Moderate to severe pleuritic pain (60%), fever (30%), and cough (3%) stand out. It is used in the treatment of MPE, although there is some experience of its use in benign effusion and pneumothorax.
Autologous blood
This is a technique described by Robertson and employed since 1987. Autologous blood is introduced into the pleural cavity in order to seal off prolonged air leaks in spontaneous pneumothorax or after pulmonary resection [29] . This blood irritates both pleural surfaces and induces the formation of a fibrin plug that adheres to the surface of the lung, sealing off air loss. The technique involves the immediate administration of between 50 and 150 ml of autologous venous blood without coagulants into the pleural cavity through pleural drainage. The drainage is maintained, non aspirative, for 2-3 hours while the patients performs movements to ensure the best distribution. It can be repeated several times with an efficiency of between 75%-84% [30, 31] . Its major advantages are that it avoids possible toxic systemic effects of cytostatic pleurodesic agents, shortens the duration of air leaks, and does not affect respiratory function. Its most frequent complications arise from the technique itself, and include pleural empyema and obstruction of the chest tube by blood clots [32] [33] [34] .
Bleomycin
Anti-neoplastic agents have been used since the 1960's for the treatment of MPE [2] . Bleomycin is a frequently-used cytostatic agent because of its pleural fibrosing and anti-neoplastic effect. The most commonly used dosage is 60 IU in 50 cc saline with only one application. Its most frequent side effects are pleuritic pain, fever, nausea and vomiting. Its effectiveness ranges from 35-60% and the recurrence rate increases with time up to 41% in the first month, 59% at 3 months and 65% at 6 months [35] .
Iodine Povidone
Iodine Povidone is antiseptic topical based on iodine. It is easily available and low-cost. The recommended dosage is 20 ml of 10% iodine povidone diluted in 80 ml saline and introduced through pleural drainage or VTS. Its efficiency is 93% in the treatment of SP and 98% in MPE [36] . The most frequent adverse effect is pleuritic pain, appearing in 13%-18% of the cases. Other described adverse effects are hypotension, fever, empyema and acute respiratory distress. Its use is comparable to talc slurry, but a lack of studies evaluating its systemic consequences have kept its use from becoming widespread [37, 38] .
Silver Nitrate
Silver nitrate is a sclerosing agent that induces a caustic lesion on the pleura. Used sporadically since the 1940's for SP as well as MPE, it has fallen into disuse due to its adverse effects. The recommended dosage is 20 ml, 0.5% administered through a drainage tube. The effectiveness after 4 months reaches 96%. Its main adverse effects are pleuritic pain and reactive pleural effusion, probably related to concentrations over 10%. It is an effective agent that requires more study in order to become an alternative to talc slurry [5] .
Quinacrine
Quinacrine is an anti-malaria drug used as a sclerosing agent in some countries. The recommended dosage is 500 mg diluted in 200 ml saline administered through a chest tube. The efficiency (64%-100%) increases in relation to the times administered. Its undesirable side effects such as pleural pain, fever, nausea and mental disorders have caused it to fall into disuse [2] .
Other pleurodesic substances
Other substances that are capable of pleural symphysis include 5-fluorouracil, cisplatin, vincristine, mitomycin, interferon and quinacrine.
Surgical pleurodesis
This is carried out in surgery under general anesthesia. A lesion is made in the parietal pleura to activate an inflammatory process and create adherences between pleural layers. In the treatment of SP, this technique is performed in isolation or combined with resection of bullae and blebs of the lung parenchyma, depending on the surgical findings (Vanderschueren classification) [39] . The approach can be by VTS (most frequent) or by thoracotomy. The efficiency is over 90% and the recurrence rate with VTS is between 5%-10%, while open surgery is 1% [7] . The reason for this is that the inflammatory reaction induced by VTS is lower than in open thoracotomy [40] . On the other hand, the risk of recurrence is higher in patients without evidence of blebs or with multiple blebs (more than 3) [7] . Mechanical pleurodesis is not usually used in the treatment of MPE. Regarding the postoperative use of non-steroidal anti-inflammatory drugs (NSAIDs), the data are contradictory. Some studies show that the systematic use of NSAIDs in the postoperative period reduces the formation of adhesions [12, 13] .
There are different mechanical techniques to obtain pleurodesis.
Swabs, scraper or dry gauze
This method is widespread and used in daily clinical practice. Parietal mechanical abrasion is achieved by a direct lesion, using sterile materials such as gauze, swabs or scrapers [7, 39] . VTS is most frequently used, although open surgery can also be done. This irritation is effective when the appearance of a mottled hemorrhagic petechiae or mild bleeding from the parietal pleura are noticed. Its main indication is in the treatment of SP with a morbidity reaching 6.25% (persistent air leaks, hemothorax) and a recurrence of between 6.2%-9.8% [7, 39, 41] . A modification of this technique is using a sponge or a swab soaked in an aqueous solution of 35% dextrose. Using electric rotary brushes to create the abrasion has also been described [42] .
Pleural cauterization by electrocautery, laser
Pleural lesions can be done by electrocautery and less frequently by laser, avoiding the risk of bleeding from abrasive techniques.
Partial or total pleurectomy
Pleurectomy involves the excision of the parietal pleura located in the thoracic dome above the 6 th costal arch. Compared to mechanical abrasion, it increases operating time and produces a large amount of intra-and postoperative blood loss (hemothorax) which results in an 8% rate of re-intervention. This is significantly higher than with mechanical abrasion [7] . The efficiency of the technique is similar to that of mechanical abrasion, but there are fewer recurrences: 0%-4.6% with VTS and 0%-1% with thoracotomy [43, 44] . Residual pain and discomfort is also higher with pleurectomy than with abrasion, probably due to more intercostal damage [7] . On the other hand, there are no differences in hospital stay, duration of drainage and pulmonary function.
Combined pleurodesis
Various techniques can be combined to increase the effectiveness and decrease recurrences. Most notable is VTS mechanical pleural abrasion with an immediate postoperative instillation of minocycline through chest tube. Compared to videothoracoscopic apical pleurectomy, its efficiency is similar in terms of drainage time, hospital stay, complications and relapses (3.8%) [25] .
Conclusions
Pleurodesis with talc spray by VTS is the technique of choice in the treatment of MPE, reserving talc slurry for patients with serious deterioration of general health or high surgical risk. Pleurodesis by mechanical abrasion has proved to be efficient, easy and safer in the treatment of recurrent or persistent SP than pleurectomy, although pleurectomy has fewer recurrences. Continued study is necessary to determine inflammatory plasma parameters related to pleurodesis. Studies with thoracic ultrasound are very sensitive in the evaluation of pleurodesis.
